that are not derived from either A or B6 inbred strains. Three chromosomes of AXB1 1 1 (x, y and z), two chromosomes of AXB2 and one chromosome of BXA1 (x and y) are 1 2 affected. Based on comparison to genotypes from a large panel of inbred strains 1 3 (YANG et al. 2011) we conclude that the contamination derived from a strain that is 1 4 closely related to DBA/2J. The distribution of the number of recombination events is similar across all panels III) that has more recombination events per chromosome due to additional 1 9 generations of outbreeding. The number of recombination events per strain ranges 2 0 from 32 (BXD32) to 84 (BXA17) among the classical RIS and from 60 (BXD53) to 2 1 127 (BXD47) among the advanced BXD panel. These numbers of recombination 2 2 events fall within the 95% prediction interval from simulations (using Python code 2 3 from (WELSH and MCMILLAN 2012)).
3
Most recombination events in the RIS panels are unique but some recombination 1 intervals overlap and could result from independent recurrent events or from shared 2 ancestry between RIS during the inbreeding process. The most frequently shared 3 recombination event occurs in 8 out of 25 samples of the AXB RIS panel (Chr10: 4 66, 730, 348, 211) . Moreover, in 7 out of 8 cases (p=0.07) the polarity of the 5 event is in the same direction: from B6 segment (proximal -66730214 bp) to A/J 6 segment (67348212 bp -distal). Additional shared recombination intervals are listed 7 in Suppl. Table 3 and the recombination frequency is visualized in Suppl. Sister strains are strains related by descent from incompletely inbred ancestors 1 2 during the breeding process. They can be identified because they share a large 1 3 number of recombination intervals with the same proximal to distal polarity of founder 1 4 haplotypes. Not surprisingly, most of the sister strains are detected for the advanced 1 5 BXD panel (6 pairs + 6 larger groups, totally comprising of 40 strains). However, two 1 6 pairs of strains are present in the AXB and LXS panels, AXB6 -AXB12 and LXS94 -1 7 LXS107. These strains share more recombination intervals with the same founder 1 8 strain polarity than expected by a chance (Figure 2 ).
9
The MDA array detects short gene conversions in CSS panels 2 0
We searched for putative gene conversions in the introgressed donor chromosomes 2 1 of CSS panels. We identified small regions typically spanning just one informative 2 2 SNP, that have genotypes consistent with the host strain instead of the donor strain 2 3 ( Figure 3 ). In total, we identified 28 putative gene conversions: 17 in the B6.A CSS 1 panel, 7 in the B6.PWD CSS panel and 4 in the B6.MSM CSS panel (Table 4 ).
2 Online access to genetics maps and MDA genotypes 3 For easy access, we provide a compilation of Mouse Diversity Array data, annotation 4 and supporting software at http://churchill-lab.jax.org/website/MDA. Resources to 5 support our analysis of RIS and CSS strains include an online viewer where maps 6 can be viewed and downloaded either as a list of intervals or as CSV files ready to be 7 imported to the R/qtl package (BROMAN and SEN 2009) . Source code for the viewer is 8 also available on Github, https://github.com/simecek/RIS-map-viewer. Researchers 9 interested in comparing those reference populations to genotypes of other mouse We have characterized 180 RIS and 79 CSS strains from six popular and valuable 1 6 resources and provided online access to these data. These panels were developed 1 7 at different times and genotyped with lower density sets of markers. High-density While it is convenient to think of all mice from an inbred strain as identical, we provide 7 evidence that this view is not always warranted. Residual heterozygosity may be due 8 to stochasticity in the inbreeding process or it may reflect biological constraints that 9 prevent full inbreeding of a strain. Genetic drift operates in each of these populations 1 0 and low-density genotyping in selected regions of the genome leaves room for 1 1 undesired or unexpected surprises. In a typical CSS strain the average proportion of 1 2 the donor genome present in other chromosomes is expected to be 0.2% (Nadeau 1 3 2000). Over our three CSS panels, the average length of unexpected genotype was 1 4
1.5 Mb. The length of intervals ranges (Table3) from less than 1 Mb (1 gene) to 20 1 5
Mb (138 genes).
6
For gene conversions, whole genome sequencing of CSS panels (and RIS) will likely 1 7
reveal more examples and provide better estimates of converted regions and their 1 8 length. However, our results suggest that gene conversions are more probable in 1 9 regions where founders' genomes are very similar. We observe significantly more 2 0 conversions on the B6.A panel that in the other two CSS panels (17 vs. 7 and 4, Fisher exact test, p=0.046) despite the fact that the number of informative markers is 2 2 lower and therefore our ability to detect gene conversions reduced. Based on this 2 3 result we hypothesize that gene conversions occur preferably in regions of low 2 4 1 6 sequence diversity between homologous chromosomes. If that is true then they will 1 have fewer genetic consequences due to lower chance to cause distinguishing 2 polymorphism. Roughly, we estimate that 0.005% of the genome is affected by gene 3 conversion (avg. # gene conversions / # informative SNPs = 28 / 3 / 200,000). The 4 real number of gene conversions is likely to be higher because we were only able to 5 identify gene conversions that overlap informative SNP probes in the array. 6 We found no evidence of allelic imbalance that has been observed in other species 7 (TAUDT et al. 2016) . Nor did we detect any epistatic selection between founder strains 8 or alleles with different subspecies origin. This is in sharp contrast with mouse 9 multiparent populations such as the Collaborative Cross and Diversity Outbred number of strains in mouse RI panels, we may have missed small distortions.
2
We observed an inverse relationship between residual heterozygosity and drift ( Table   1  3 2). For a given panel, even 20 generations of inbreeding is not enough to fix all 1 4 heterozygous regions. On the other hand, populations kept for many generations will Laboratory (TAFT et al. 2006 ). However, genetic drift can be also harnesed by 1 9
geneticists to simplify and accelerate the identification of causal variants responsible 2 0 for phenotypic differences between substrains (CC genomes 2017). These so call References: 
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